Background: Counterfeit drugs have been recognized as a cause of many pathologic states, sometimes resulting in death. Even when their exposure does not lead to death, there is still the possibility of slight alteration in many physiologic processes in the body; namely digestion, absorption and homeostatic mechanisms. Objective: The objective of the study is to determine the impact of counterfeit sildenafil citrate on serum micronutrient levels in male Wistar rats. Method: Twenty-one rats (250 g) were randomly distributed equally into 3 groups. The first, second and third groups were administered with 25 mg/kg BW of fake sildenafil citrate, 25 mg/kg BW genuine sildenafil citrate and distilled water (control) respectively. The route of administration was by gastric gavage. The serum concentrations of trace elements and vitamins were estimated using the Atomic Absorption Spectrometry and High Performance Liquid Chromatography respectively. Statistical analysis of data was carried out by using analysis of variance. A p value of ≤ 0.05 was considered significant. Results: Results revealed that all the micronutrients were significantly different except thiamine, niacin, vitamin B12, Mn, Fe, Cr, Mo, Co, riboflavin, pyridoxine, pantothenic and vitamin D. All the animals survived till the end of the study.
Introduction
According to Jackson et al. (Jackson et al. 2012 ) counterfeit medicines pose an ever-increasing threat to public health. Although the present study is concerned with evaluating the impact of fake sildenafil citrate on serum micronutrient levels in male rats, available data have shown that all categories of medications have been targeted by counterfeiters (Gautam et al. 2009 ). This is more so in the developing countries, but since the internet has also provided a vast and convenient route for counterfeit drug to get to potential buyers, the developed world also has not been left out, in the menace of counterfeit medicines (Gautam et al. 2009 ). Marketing survey of more than 5000 consumers across five European countries have shown that as many as 12.8 million consumers may be exposed to counterfeit drugs in those markets yearly. The World Health Organization (WHO) has defined counterfeit medications as drugs that are 'deliberately and fraudulently mislabelled with respect to identity and/or source. Counterfeit products may include products with the correct ingredients or with the wrong ingredients, without active ingredients, with insufficient active ingredient(s) or with fake packaging' (WHO, 2006). Jackson et al. (2012) revealed that some of these fake medicines lack the purported drug compound, have different concentrations of active ingredients or sometimes contain dangerous toxins. On the other hand, WHO also recognized that some tested counterfeit medications have been found to contain excessive amounts of active ingredients or wrong ingredients (Mali et al. 2011 ) the effects of which may be harmful. A myriad of adverse health ef fects, even death have been associated with the use of counterfeit medications. Although many studies have revealed a variety of reasons why there is wide availability of fake drugs, according to Jackson et al. (2012) consumers who self-medicate without appropriate interactions with the healthcare system are those most frequently affected? The effects of counterfeit drug come in different forms and severity and it is not impossible that a counterfeit drug is capable of altering the serum status of many biomolecules. Micronutrients are important elements and biomolecules known for their very vital functions in maintaining health. They are highly essential in sustaining life and development through the roles they play in many biochemical reactions. The main objective of this study is to determine the impact of fake sildenafil citrate on serum micronutrient levels in male Wistar rats.
. Materials and methods

Experimental animals and animal treatment
Male Wistar rats of average weight of 250 g were utilized for the study, which was carried out in accordance with national and international laws and Guidelines for Care and Use of Laboratory Animals in Biomedical Research Institutes of Health (revised 1985). They were purchased from and kept at the Experimental Animal Unit of Faculty of Veterinary Medicine, University of Ibadan, Nigeria. The rats were kept in cages at ambient temperature of 26±3°C and a 12 h light, 12 h dark cycle and were supplied water and laboratory chow ad libitum. The study period lasted 7 days. The rats were divided into 3 groups comprising of 7 rats per group. The first group of rats was dosed with 25 mg/kg BW of fake sildenafil citrate while those in the second group received 25 mg/kg BW genuine sildenafil citrate ( Fibbi et al. 2008 ). The third group of rats were administered with distilled water and served as control. The route of administration was by gastric gavage for all the rats in the 3 groups. While the genuine sildenafil citrate was purchased from a pharmaceutical store, fake sildenafil citrate was obtained from National Agency for Food and Drug Administration and Control (NAFDAC), Western region office in Ibadan. The blood was collected through retro-orbital bleeding and discharged into anti-coagulant free bottle, centrifuged at 3000 g for ten minutes. The serum obtained was stored at -20ºC prior to analysis.
Estimation of serum elements and vitamin levels
The serum concentrations of Mn, Se, Zn, Cu, Mo, Co, Fe, and Cr, were quantified using the Atomic Absorption Spectrometric method. Serum levels of thiamine, riboflavin, niacin, folic acid, pantothenic acid, and vitamins A, B 6 , C, D and E, on the other hand were determined using High Performance Liquid Chromatographic technique (HPLC). The HPLC equipment supplied by Waters® Corporation Milford, Massachusetts USA and Buck Scientific 205 Atomic Absorption (Buck Scientific, East Norwalk, Connecticut, USA) were employed for this purpose.
Statistical analysis
The degree of significant difference among the serum levels of micronutrients for the three groups was determined, by using analysis of variance (ANOVA). A p value of ≤ 0.05 was considered significant. SPSS package version 15 was used for this purpose.
Results
When the data obtained from administration of Wistar rats with fake and genuine sildenafil citrate were compared using analysis of variance, results obtained revealed that while vitamins like folic acid and vitamins A, C, and E were significantly different, others such as thiamine, niacin, vitamin B12, riboflavin, pyridoxine, pantothenic and vitamin D were not significantly changed as shown in Table 1 . On the other hand, results in Table 2 show that although Se, Cu and Zn were significantly different, Mn, Fe, Cr, Mo, and Co was not significantly changed. All the animals used for the study survived till the end of the experiment. Results are expressed as mean ± standard error of mean. *P < 0.05 is significant. N =7. Results are expressed as mean ± standard error of mean. *P < 0.05 is significant. N =7.
Discussion
Micronutrients are essential for health. The significant decreases in the serum levels of minerals and vitamins observed in fake drug administered rats means that while it is already established that fake drug are rarely efficacious, exposure to them may also result in medical conditions associated with micronutrient deficiency. While such dramatic effects of fake drugs have served as a wakeup call for the authorities to deal with issue of fake drug, in most cases the impact of fake drug may be devastating without being dramatic. 0% mortality was observed for the rats administered with both fake and genuine sildenafil citrate. In some cases, the devastating effects of fake drug may not be revealed for several months or years. A good example of this is alteration in micronutrient levels; micronutrients are essential biomolecules and elements that play vital physiologic role in the body. While significant decreases may not cause instant dramatic effects, it may initiates many devastating and pathologic manifestations, example of which is the carcinogenic process (Shenkin et al. 2006 ). Many of the micronutrients known to play important role in maintaining the genome were significantly altered. Of the four micronutrients that play this role; folate, vitamin B12, niacin and zinc, only niacin and B12 were not significantly different, zinc and folate were significantly decreased. In addition, Se, which Ferguson et al. (Ferguson et al. 2004 ) have reported that its low levels of less than 100 ng/ml was a cause of impaired DNA repair as well as surveillance of oxidative (and other) DNA damage in middle-aged New Zealand men was also significantly decreased. That Zn and folate depletion will have such effects have been revealed through a study, in which marginal deficiencies in folate, vitamin B12, niacin and zinc impact significantly on spontaneous chromosome damage rate (Fenech 2002 , Fenech et al. 2005 , Simon et al. 2012 . In a more specific term, a number of processes have been highlighted in which the role of Zn in genome stability is essential. According to Sharif et al. (2012) , Zn plays a critical role in the regulation of DNA repair mechanisms, cell proliferation, differentiation and apoptosis involving the action of various transcriptional factors and DNA or RNA polymerases. Zinc may also affect activities of enzymes in the folate-methionine cycle. Chromoso-mal mutations that are frequently encountered in cancer cells, has been linked with dietary insufficiency, optimum folate level especially has been identified to be an essential requirement for DNA repair and synthesis as well as maintenance of genome. Aside, the possible impact on the DNA and the genome, another implication of these significant decreases is a derailment in the antioxidant functions of the significantly different ones. Selenium and Zn are cofactors for the enzyme glutathione peroxidase and superoxide dismutase respectively. Other physiologic functions of these micronutrients may be adversely affected. Vitamin E, found in abundant quantity in vegetable oil and seeds such as almonds and peanuts, which acts as lipid-soluble antioxidant in cell membranes, and is also known to be very important for maintenance of cell membrane fluidity was significantly lower in fake drug administered rats (Yachi et al. 2010 ). Whereas vitamin D, a pleiotropic vitamin-hormone that has impact on classical and nonclassical tissues, that it's primarily sites of action are intestine, bone, and kidneys (Rosen et al. 2012 ) is not significantly different when the three groups were compared using ANOVA. Manganese, Fe, Cr, Mo, Co, riboflavin, thiamine, pyridoxine and pantothenic acid were not significantly different whereas ascorbic acid and vitamin A were significantly different with levels in fake drug administered rats being more significantly lower than either the control or genuine sildenafil citrate dosed rats. Both ascorbic acid and vitamin A are known for antioxidant roles and their depletion may be associated with increase in generation of reactive oxygen species. The fact that fake drug is more common in Africa and Asia, may not be unconnected with regulatory and enforcement systems for medicines, that are known to be weak. These are two sub-regions already encumbered with various social-economic problems. The significant decreases in many of these micronutrients may likely increase disease-burden in resource scarce areas of the world. In addition to these possibilities, WHO has also warned that, "Counterfeit drugs may erode public confidence in health care systems, health care professionals, the suppliers and sellers of genuine drugs, the pharmaceutical industry and national Drug Regulatory Authorities". While the consequences of counterfeit drugs have been reported to vary widely, various solutions are also being proffered. Some of the solutions will lie in collective involvement, responsibility, and responses of all interested parties: health professionals, drug regulatory authorities, judicial entities, and drug companies at both national and international levels. More importantly, there will also be the need to strengthen drug regulatory authorities, which should not only be responsible for improving drug standards, but also provide effective recognition of counterfeit drugs and assist other agencies in stopping their trade. Such interventions are needful in those countries that have either no drug regulation at all or have an impaired or corrupted system. Aside this, enactment and enforcement of new laws for prohibiting counterfeit drugs is also very important. Fake anti-malaria agents and anti-infective drugs have regional distribution, with the bulk found in the developing world, but the fake sildenafil citrate used for this study and whose administration to male Wistar rats resulted in significant decreases in the levels of a number of these micronutrients is global in scope in terms of distribution. This means that addressing the problem of manufacture, sale and distribution of fake sildenafil citrate will entail an approach of global proportion such as the International Medical Products Anti-Counterfeiting Taskforce 
